Bayesian Model Averaging techniques are used to analyse how robustly it is possible to identify factors that may lead to the bursting of asset price bubbles in OECD economies. A large set of variables put forward in the literature is assessed, as well as interactions of these variables with estimates of asset price misalignments to evaluate the importance of the different channels postulated by theory. The results indicate that asset price misalignments are not robust determinants of house price reversals unless their interaction with other characteristics of the economy (credit growth, population growth and interest rate developments) is taken into account. On the other hand, stock price reversals are affected by misalignments, as well as other real and monetary variables. Out-of-sample prediction exercises provide evidence that dealing explicitly with model uncertainty using Bayesian model averaging techniques leads to better forecasts of reversals in asset prices than relying on model selection. Conclusions regarding the importance of dealing quantitatively with model uncertainty are drawn to improve the anticipation of asset price reversals.
6 specifications considered. The results of the BMA exercise with interactions will shed light on whether the predictive content of misalignment estimates differs in time or across countries depending on the value of other explanatory factors. Such a systematic analysis has not yet been carried out in the literature on asset price dynamics. In particular, dealing with interaction terms in the BMA framework allows answering questions such as: Why do large asset price misalignments lead to busts in certain countries, while in other countries they are maintained for long periods? Which conditions must prevail for misalignments to correct themselves? The results of the analysis provide for the first time a quantification of the relative robustness of different determinants of asset price misalignments, and sheds light on the recent discussion concerning the importance of monetary variables for asset price developments.
5.
The paper is structured as follows. Section 2 presents the methodological framework which is used in the econometric analysis, which is based on the assessment of model uncertainty using Bayesian Model Averaging. Section 3 presents potential determinants of asset price dynamics and introduces the data, and section 4 shows the results for house and stock prices. Section 5 presents some conclusions related to model uncertainty for out-of-sample prediction and policy advice concerning asset price reversals. Section 6 concludes and puts forward potential paths for future research.
Assessing determinants of asset price dynamics under model uncertainty

6.
The aim of this paper is to study the robustness of determinants of the boom-bust dynamics of asset prices. In particular, bubble-building and bust periods are identified and the characteristics of macroeconomic, financial and asset market variables leading to such phenomena are assessed.
7.
The concept of model uncertainty which has received most interest in the statistical literature refers to uncertainty about the number and nature of covariates to be included in the model which explains asset price dynamics. Model uncertainty is a prominent feature of the literature on asset price misalignments. Most studies concentrate on particular transmission mechanisms between macroeconomic developments and asset price dynamics, but these do not tend to be mutually exclusive. The fact that an economic phenomenon may be explained by different (possibly many and complementary) theoretical models implies that the choice of a single specification to carry out inference underestimates the degree of uncertainty of the estimated parameters by disregarding model uncertainty. An example of the scope of the problem associated with model uncertainty on the issue of asset price determinants can be obtained by analyzing the specifications in Gerdesmeier et al. (2009) . Gerdesmeier et al. (2009) use 45 different variables to explain asset price corrections empirically and present 78 complementary specifications where turning points in asset prices are explained by sub-groups of that set of potential determinants.
8.
BMA and Bayesian Averaging of Classical Estimates (BACE, see Sala i Martin et al., 2004) have often been used to account for such uncertainty inherent in the model selection process. BMA copes with model uncertainty by averaging over many different specifications and has been used extensively in empirical research on economic growth (see for example Fernández et al., 2001b , Sala-i-Martin et al., 2004 or Crespo Cuaresma and Doppelhofer, 2007 . Recently, the technique has been applied to other economic research questions such as the determinants of currency crises (Crespo Cuaresma and Slacik, 2009) .
2 The basic idea behind BMA is to obtain weighted average estimates of the parameters of interest across potential models using the posterior probability that the model is the true one as a weight. The estimates are thus computed from the full set of models, instead of single specifications.
9.
In considering the problem of predicting the turning point in asset prices, the binary variable ( y ) takes value one at bust periods ( 1 = y ) and zero in the rest of the sample ( 0 = y ). Assume a set of 2.
A thorough account of the statistical details of model uncertainty and BMA can be found in Leamer (1978) , Raftery (1995) and Hoeting et al. (1999) . 10.
The posterior model probability is, in turn, a function of the prior probability of the model and its marginal likelihood, so that
. A choice needs to be made on the prior probability over the model space, as well as over the parameters of each specific model. A flat prior probability over models is the preferred choice in the literature, leading to a 0.5 prior probability of inclusion for the K variables considered. A problem relating to this choice of model space prior is that it leads to a mean prior model size of /2 K and assigns a relatively high prior probability to models which may be considered "too large" for many econometric applications. Recently, Ley and Steel (2009) proposed using a hyper-prior on model size and show that this approach leads to more robust inference when applying BMA.
11.
The usual choice of prior distribution over the parameters of a given model is given by Zellner's g-prior (Fernández et al., 2001a) , which implies
, a prior which is elicited by the choice of g . Raftery (1995) , Kass and Raftery (1995) and Clyde (2000) propose the use of Laplace approximations for determining posterior model probabilities, which simplifies the computational burden for limited dependent variable models considerably. The Bayes factor comparing two models (
) can thus be approximated using the Bayesian information criterion (Schwarz, 1978) Foster and George, 1994) or the Akaike Information Criterion (AIC, Akaike, 1973) . In these cases, one departs from the purely Bayesian case and averages over models using weights which are justified using non-Bayesian approaches to inference, but that have often been used in BMA exercises (see Clyde, 2000 for a theoretical discussion and applications). ECO/WKP (2010)28 8 12.
An extra computational problem is caused by the cardinality of the model space, which can be large enough as to make the expression in (2) intractable. Several methods have been proposed for approximating the sum in (2). The leaps and bounds algorithm, the use of Markov Chain Monte Carlo Model Composite (MC 3 ) methods or the use of Occam's window are methods of setting bounds to the number of models to be evaluated when computing (2) (see Raftery, 1995 , Fernández et al., 2001b , or Koop, 2003 for descriptions of these methods).
13.
The BMA technique allows computing statistics such as the posterior inclusion probability of the different potential determinants of asset price misalignments. This statistic is the sum of the posterior probability of models including a given variable, and can be interpreted as the probability that this variable belongs to the true model determining busts in asset prices. The posterior inclusion probability is routinely interpreted as the robustness of a variable as a determinant of the phenomenon under investigation. Similarly, weighted averages of the parameter estimates and its variance are interpreted as the estimated effect of the covariate and its precision once model uncertainty has been taken into account. The method is thus able to deliver a full account of the relative importance of the different mechanisms put forward in the literature, as well as estimates of the size of their effect.
Mechanisms, variables and models
14.
The analysis of robust determinants of asset price misalignments is carried out using a set of potential covariates for 18 OECD countries at quarterly periodicity and spanning (in the best cases) the period 1975-2009 for house prices and 1989-2009 for stock prices.
3 The determinants are chosen based on several theoretical approaches. On the one hand, the importance of monetary policy and credit variables as signaling devices for asset price misalignments has been highlighted in the recent empirical literature (see in particular Gerdesmeier et al., 2009) . Variables summarizing developments in the real economy have also been put forward as covariates in models estimating the probability of busts in asset prices, as well as variables summarizing demographic dynamics.
15.
Turning points in asset price dynamics need to be defined. The starting point is to compute the deviation cycle using the Hodrick-Prescott (HP) filter, which eliminates the permanent component from the series.
4 Then a variant of the Bry-Boschan procedure (Bry and Boschan, 1971 ) is used to identify peaks and troughs in the series. As in Avouyi-Dovi and Matheron (2005) and Everts (2007) , the peaks and troughs are coded using a 3-step procedure. Let z t denote the HP-detrended component of the original data on asset prices. An observation z m,t is defined to be a peak if it is a local maximum (z m,t-j <z m,t >z m,t+j for j=1,…,w), and a local minimum is defined in a similar fashion. In the occurrence of multiple consecutive peaks or troughs, the highest peak or lowest trough is selected and the rest eliminated. Then, a minimum length is imposed for peak-to-trough and trough-to-peak phases (p) and for full peak-to-peak and troughto-trough cycles (c). In this analysis, based on quarterly data, we set w=2, p=1 and c=3, although the robustness of the results to changes in the turning-point identification process is checked. The dependent variable in the models is defined as the turning point corresponding to a downward correction in asset prices. A corrective period is defined as the observation corresponding to a peak, as well as the previous and following quarter. In the Appendix the turning points are presented together with the asset price gap variables, which form the basis of the turning point identification procedure. The reversal estimates for house prices are shown in the Appendix from 1975 (the earliest period for which misalignment estimates 3.
The countries are Australia, Canada, Switzerland, Germany, Denmark, Spain, Finland, France, the United Kingdom, Ireland, Italy, Japan, Korea, New Zealand, Sweden and the United States. The choice is based solely on data availability.
4.
In order to avoid peaks and troughs being identified due to noise, the HP-filtered series is smoothed using a 5-quarter moving average filter. exist) to the end of the sample, and for stock prices starting in 1989. Some features of the turning points deserve comment. On the one hand, the smoothing procedure, together with the conditions imposed on the characteristic of the phases implies that the observations at the beginning and at the end of the sample are not used in the identification procedure, so in some countries the last bust in house prices is not included in the dataset to which the BMA is applied. Below, the end of the sample is used to check the quality of bust probabilities. Furthermore, the relatively liberal choice of parameters used to identify price reversals implies that some countries have a large number of (small) price reversals.
16.
A central variable of interest in the analysis is the measure of misalignment in asset prices. The empirical literature on the determinants of asset prices postulates the existence of a long-run equilibrium relationship between asset prices and several other variables. Country-specific estimates of misalignments may give a richer assessment than adopting a common approach across countries. However, in order to remain tractable and exploit the experiences across countries, some simplification was needed in identifying asset price misalignments.
 For house prices, the long-run equilibrium tends to be modeled in terms of a cointegration relationship between house prices and the set of explanatory variables mentioned above, and the deviations from the equilibrium level are interpreted as a measure of the degree of misalignment.
In this contribution, a recursive dynamic OLS (DOLS) is estimated based on simple cointegration relationships estimated with information up to the time period where each observation is measured. In particular, simple recursive cointegration relationships are estimated between the (log) real house price index, (log) income per capita and the real interest rate using the Stock and Watson (1993) DOLS method. At each period in time, long-run elasticities of real prices to changes in GDP per capita and real interest rates (long-term interest rates deflated by CPI inflation) are estimated using a cointegration relationship enhanced with leads and lags of the right-hand-side variables. Data for the estimation of the cointegration relationship range back to 1970 for all countries except Germany and Korea, and the first misalignment estimate is obtained for the observation corresponding to the first quarter of 1975 (1990 for Korea and 1995 for Germany). The sample is then expanded quarter by quarter to obtain misalignment estimates based exclusively on past information. The estimates of the country-specific parameters of the cointegration relationship for the full sample are presented in the Appendix. With the exception of Germany and Korea, for which only a shorter sample is available, all countries show the expected sign of the long-run elasticities, although there are large differences in the absolute value of the parameters attached to the interest rate variable across countries.
 For the case of stock prices, there is not such an evident choice of long-run determinants. For the main set of results the deviation of the (logged) stock price index from its historical linear trend is used as a measure of misalignment. The trend is estimated recursively so that the observation for a given period is exclusively based on past observations. ) methods are used to overcome the problem of the intractability of the model space and compute the necessary statistics.
5 The results are presented based on model designs where the covariates are lagged one quarter, as well as models where the covariates are lagged one and two years, so as to examine the differences between short and medium-term predictors of turning points in asset prices. For each design we will concentrate on the interpretation of the posterior inclusion probability of each covariate and the mean (PM) and standard deviation (PSD) of the posterior distribution of the corresponding parameter (all variables enter the models in standardized form, so that the parameters are comparable across covariates). The variables which have a posterior inclusion probability above 0.5 are labeled "robust determinants". In all cases we average over logit regressions 6 and the approximation based on the RIC is used to compute posterior model probabilities.
5.
The results reported are based on 2 million Markov Chain draws, computed after discarding 1 million burnin draws.
6.
The results are qualitatively unchanged if the BMA exercise is conducted using probit instead of logit regressions.
Variables Source
Misalignment
Asset price misalignment estimate Own calculation a) as residual from a cointegration relationship between real house prices, income per capita and the real interest rate. b) as deviation from the long-run trend in stock prices. 18. Ley and Steel's (2009) hyperprior over the model space is employed with a prior expected model size of 17.5 (thus leading to an expected prior inclusion probability of 0.5). While the posterior inclusion probability indicates the relative importance of a variable as a robust explanatory factor of corrective dynamics in asset prices, it does not give information about how well the quantitative effect of such a variable on the probability of a turning point is estimated. For this purpose, the ratio of PM to PSD is used, in the spirit of the t-statistic corresponding to a regression parameter in the frequentist paradigm. Raftery (1995) proposes the use of a threshold of unity in the ratio to consider a variable effective, while Masanjala and Papageorgiou (2008) put forward a value of 1.3 for the threshold, roughly equivalent to a 90% confidence interval in frequentist hypothesis testing. The robustness of the variables in this study will thus be interpreted both in terms of posterior inclusion probability and effectiveness.
Demographic and real economy variables
The determinants of asset price reversals: a BMA analysis
Empirical results
19
. Table 2 presents descriptive statistics for the potential determinants of house and stock price reversals. The mean and standard deviation of observations over the full sample are presented, for the periods which are coded as reversal periods and for the "quiet" periods. Surprisingly, misalignments in house prices do not tend to be significantly larger in bust periods, although they are higher on average than in quiet times. In the case of stock prices, the misalignment measure does appear much higher during busts, although its dispersion is sizable across countries. The current account balance is on average lower in bust periods, independently of whether house or stock price busts are considered, and busts in asset prices tend to take place, when GDP per capita growth is relatively high. The empirical complexity of the mechanisms under study here is clearly exemplified by the fact that the dispersion of the variables across countries and over time considered as determinants does not allow for clear-cut conclusions on the differences in these variables between corrective and non-corrective periods. Furthermore, strong qualitative differences appear across asset prices, with long-term interest rates, for instance, being more stable (in terms of the size of yearly changes) on average during corrective periods in house prices but the opposite being true for stock prices.
20.
In Table 3 the BMA results for house prices are presented for three designs: a) using a lag of a quarter in the explanatory variables, b) using a lag of a year and c) using a lag of two years.
7 All variables have been standardized prior to the BMA analysis, which implies that the posterior means of the parameters are partly comparable across covariates.
21.
Several factors appear robust in explaining corrections in house prices in the short and medium run. Changes in the house price-income ratio, which are highly correlated with inflation dynamics of house prices, appears as a relevant indicator of misalignments in the market, with increases of the ratio being related to higher correction probabilities. This term captures the short-run persistence of house price dynamics. In the medium run (as defined by the results based on one-year lags) the house price-income ratio has better predictive characteristics than in the short term, where the quantitative effect of changes in the ratio is not well estimated for countries with a large misalignment in house prices (as measured by deviations from the cointegrating long-run equilibrium). External disequilibria, measured by current account deficits, are also robust determinants of house price bubbles in both the short and medium term. The results for the interaction of the misalignment proxy and population growth show that large misalignments can be sustainable in economies whose population is growing at a faster path.
7.
The single best models in terms of maximal posterior inclusion probability are shown in the Appendix for house and stock prices. "PIP" stands for "Posterior inclusion probability", "PM" stands for "Mean of the posterior distribution of the parameter", "PSD" stands for "Standard deviation of the posterior distribution of the parameter". All results based on Markov Chain Monte Carlo Model Composite with 2 million replications after 1 million burn-in rounds.
22.
The results for short-term signals of house price turning points (based on a one quarter lag) indicate that large misalignments lead to higher correction probabilities in economies with relatively high credit growth. Increases in long-term interest rates further increase the probability of busts in house prices, which tend to happen also more often during high-growth periods.
23.
For the case of variables lagged four quarters, short-term real interest rates appear also as a robust determinant in its interaction with the misalignment measure. The implication is that misalignments are less sustainable in economies with decreasing real interest rates, and act as a signal for house price reversals if real interest rates are increasing. The results are largely in line with the analysis carried out by the IMF (2009). Based on the analysis of descriptive statistics prior, during and after a house price bust, IMF (2009) proposes using credit measures, the current account balance, residential investment, stock prices and inflation to predict house price busts.
24.
The results concerning longer-term determinants indicate that there are no robust long-run predictors of busts in house prices. At this horizon only exchange rate appreciation trends tend to be linked with higher house price reversal probabilities. The measure of misalignment, as well as its interaction with other variables, does not turn out to be a robust factor in explaining house price busts.
25.
In Table 4 the results of the BMA exercise for stock price reversals are presented, in the same fashion as the BMA estimates for house prices were presented above. In general, the estimates show less continuity of the importance of different determinants of asset price misalignments at different horizons than the results for house prices. This may reflect a more complex relationship. "PIP" stands for "Posterior inclusion probability", "PM" stands for "Mean of the posterior distribution of the parameter","PSD" stands for "Standard deviation of the posterior distribution of the parameter". All results based on Markov Chain Monte Carlo Model Composite with 2 million replications after 1 million burn-in rounds.
26.
In the very short run, represented by the results corresponding to the 1-quarter horizon, busts tend to occur at times of large stock returns, in particular for countries or periods which present simultaneously large stock price misalignments and high price-earnings ratios. At the horizon of one year, a much larger set of covariates appears important as robust predictors of stock price reversals. The probability of stock price reversals is positively affected by credit growth and negatively related to changes in the short-term real interest rate, which implies that a loose monetary policy stance contributes to the building and bursting of stock price bubbles. The role of monetary policy in stock market boom-bust cycles has been the focus of many recent theoretical contributions to the literature on the dynamics of stock prices. Christiano et al. (2008) , for instance, present a theoretical setting in which agents receive a signal of improved future technology which leads to a rise in the real wage and downward pressures in inflation. Under a standard Taylor rule, the central bank cuts the interest rate, thus inflating the bubble further and precipitating the bust phase. The empirical implications of this model are backed up by the results in Table 4 for the oneyear horizon.
27.
The results on the effects of labor productivity and GDP per capita growth at the 1-year horizon may seem intriguing at first sight, since they point in opposite directions, with labor productivity growth increasing stock price bust probabilities and income growth decreasing them. This result is however driven by the experience of Finland and Sweden in the first half of the 1990s. The deep crisis and recession experienced in these countries ran in parallel with a rapid fall in stock prices and with an increase in labor productivity due to sectoral restructuring. These features are thus interpreted by the econometric models as positive effects of labor productivity growth on the probability of an asset price correction and a negative effect of GDP per capita growth.
28.
The results for variables lagged 8 quarters are puzzling compared to those of the 1-year horizon. Long-term nominal interest rate changes and short-term interest rate changes appear robustly related to the probability of stock price reversals. However, the estimate of their effect (the mean of the posterior distribution of their corresponding parameter) is of the opposite sign of that found for the 4-quarter lag setting. The cyclical dynamics of these variables may be responsible for this result, in which case the signals which appear robust in the longer horizon would just be mirroring those found using models with explanatory variables lagged 4 quarters. Apart from these variables, economies with large misalignments coupled with real depreciations and/or high dividend yields appear more prone to stock price reversals.
Robustness of the results
8
29.
The results concerning the importance of the interaction between population growth and misalignment estimates may be interpreted as indicating that population should belong to the long-run determinants of house prices and thus be included in the cointegration relationship. We also performed the analysis using misalignment estimates based on cointegration relationships between house prices and (log) population levels, in addition to the real interest rate and income per capita variables included in the prior analysis. The results based on this misalignment measure do not differ strongly from those presented in Table 3 , although the only misalignment measure that appears robustly related to corrective price behavior is the interaction between the deviation of the cointegration relationship and the house price-income ratio.
30.
It should be noted that the results indicate that misalignment measures by themselves do not appear to be robust determinants of house price busts, but their interaction with other variables do appear as important factors to explain corrective house price dynamics. This implies that not all asset price misalignments are equally dangerous and that other variables (in particular population and credit growth) mediate this relationship. Different ways of modeling the parameter heterogeneity implied by such results were also tried. Variables based on the extent and duration of the misalignments and these covariates (interacted with the deviation from the long-run relationship) were calculated and included as potential determinants of price reversals both instead of the interactions shown in Table 3 and as additional variables to those in the table. In particular, a variable measuring the duration of positive misalignments (number of quarters up to the observation) was created and a set of dummy variables defining periods with large misalignment, based on the percentiles of the distribution of observed misalignments. None of these variables turned out to be robust determinants of house price busts, thus emphasizing the fact that it is other covariates (the degree of credit growth and the growth rate of population for the one-lag setting) which affect the role of misalignments as determinants of house price busts.
31.
Concerning the dependent variable, the method identifies price busts using HP-filtered asset price data as the underlying series, as is often done in the literature (see for example Detken and Smets, 2004 , Adalid and Detken, 2007 and Agnello and Schuknecht, 2009 ) and thus implicitly accounts for the long-run driving forces (observable and unobservable) of real house prices. Results were also obtained based on the
8.
The results presented in this section are based on estimations which are not shown in detail here, but are available from the author upon request.
original series of house and stock price data without prior HP-filtering. The results for house prices based on this coding when the explanatory variable is lagged 4 quarters lead to a robust and negative effect of the misalignment measure on the probability of a price reversal. For the case of stock prices, no variable was found to be robust at the one-year horizon, most probably due to the small number of busts identified if the original asset price data is not previously filtered. This implies that obtaining turning points from data which ignore secular trends in house and stock price data may lead to inference which may not be very sensible from a theoretical perspective.
32.
As already noted, the parameters used to extract turning points lead to small price reversals to be considered turning points. BMA was also applied to the same dataset using a turning point procedure based on w=3, p=2 and c=12. The results are qualitatively unchanged for stock prices, but some differences are worth mentioning for the case of house prices. The BMA results for house prices in the setting where the explanatory variables are lagged one quarter indicate that only two covariates are robust determinants of corrective price dynamics in this setting: changes in long-term interest rates (with a powerful positive effect) and the interaction of the misalignment measure with credit growth (also with a powerful positive effect). When four-quarter lags are used, only the growth rate of GDP per capita is a robust determinant of price corrections in house prices. At eight lags of the explanatory variables, no single variable is robust. In this case, the specification implying constant price reversal probabilities has the highest posterior model probability. These results complement the estimates in Table 3 by emphasizing the importance of the joint short-run dynamics of credit aggregates and misalignments in house prices as one of the most relevant factors signaling price reversals.
33.
For the case of stock prices, estimates were also obtained after eliminating the data for Finland and Sweden, in order to check the hypothesis put forward in the previous section concerning the reason for the puzzling results on labor productivity. The robustness of the productivity variable, as well as that of GDP per capita growth, was considerably reduced after excluding these economies from the sample.
Monetary policy, model uncertainty and asset price bubbles: How informative is model averaging?
The out-of-sample information content of model averaged predictions
34.
It has been often emphasized that asset price bubbles represent an important challenge for policymakers, particularly for central bankers (see Trichet, 2005 , as an example of the problems that monetary policymakers face concerning asset price bubbles). The theoretical literature on policy responses to asset price developments is however ambiguous when it comes to delivering clear-cut recommendations in terms of the optimal degree of monetary policy activism in the presence of asset price bubbles (see Bernanke, 2002 and Cecchetti et al. 2003 , for opposite views on the issue). On the other hand, many studies deal with the role of monetary policy as a determinant of asset price dynamics in the light of the developments observed during the recent crisis. In a nutshell, the overall conclusion of these contributions can be summarized as follows: a loose monetary policy stance tends to precede asset price busts but this association is just one of many factors leading to asset price bubbles and not necessarily the most important one (see IMF, 2009 , for a thorough evaluation and Ahearne et al., 2005 , for a view on the issue prior to the last crisis).
35.
Concentrating on the monetary policy response to asset price dynamics, Gruen et al. (2005) study possible policy responses to bubbles in asset prices in a theoretical setting where the policymaker may not possess full information about the characteristics of the asset price bubble process. Gruen et al. (2005) conclude that the optimal degree of activism of monetary policy confronted with an asset price bubble depends on knowledge about the process underlying asset price dynamics. In this framework, active monetary policy is only feasible if enough information about the bubble process is available, so unveiling the robust determinants of asset price corrections is a key element to enable policy responses to emerging asset price bubbles. The importance of understanding the underlying nature of asset price dynamics when reacting with monetary policy tools to the forming of bubbles is also studied in Fukunaga and Saito (2009) . Using a dynamic general equilibrium model with financial market imperfections, Fukunaga and Saito (2009) show that fractionary information about the source of asset price movements strongly limits the benefits from active monetary policy in the presence of asset price bubbles.
36.
The theoretical literature thus concludes that model uncertainty sets important limits to the effectiveness of monetary policy when reacting to asset price developments. From an empirical point of view, the question arises whether methods aimed at exploiting large model spaces, such as the one used in this paper, are able to provide better predictions of the development of asset prices. A natural question that arises is whether policymakers can profit from exploiting model uncertainty in a systematic way in terms of the efficient anticipation of asset price bubbles and their bursting. The importance of model uncertainty for policy evaluation has been highlighted in recent research on macroeconomic policy (see Brock et al., 2003 Brock et al., , 2007 , which reaches the conclusion that (single) model selection is not necessarily appropriate for policy evaluation. Furthermore, ignoring the dimension of model uncertainty by conditioning policy on a single model may lead to economic policy choices which are not robust when confronted by uncertainty.
37.
The results presented above indicate that abstracting from uncertainty about the econometric specification may lead to overconfident results concerning the nature of the determinants of busts in asset prices. For the case of house prices, for instance, inference based on the best model for the predictive horizon of one quarter (see the appendix for the specification with the highest posterior probability) would lead to the conclusion that the interaction between the misalignment variable and long-term interest rates exerts a very significant effect on bust probabilities, while information concerning external imbalances is not important for explaining downward price corrections. After a deeper analysis of the model space spanned by all potential determinants of house price bubbles, however, the researcher would conclude that the importance of this interaction term is restricted to a relatively small group of models, and that information on the current account balance helps explain asset price corrections in many other specifications.
38.
The question arises, whether averaging across models with weights based on the BMA setting can lead to better informed policy advice by improving out-of-sample predictions of asset price corrections. In the prediction exercise model averaged forecasts are averaged against those which would have been obtained from the single best specification supported by the data. For this purpose, we assume a policymaker whose loss function depends on predicting asset price corrections accurately, so that
where ŷ are the predicted events (asset price bust is predicted to take place -
given data prior to y. The loss function given by L(•) depends thus on the correctly predicted turning points in asset prices, as well as on the correctly predicted "quiet times". The relative importance of these two components of the loss function is in principle arbitrary and may change over time. A policymaker may consider a false alarm (which can affect expectation formation mechanisms of economic agents very strongly) just as harmful as (or more harmful than) missing a turning point in certain environments, while the opposite may be true at other times or for other policymakers.
39.
In this sense, a simple loss function is assumed such as (2010)28 18 where card{X} refers to the cardinality of the set X. The loss function assumed is therefore a weighted average of the proportions of bubble-burst and non-bubble burst observations which are incorrectly predicted. The weights depend on the preferences of the policymaker concerning type I and type II errors in prediction. The literature on the evaluation of out-of-sample prediction of binary variables tends to use the standard approach (see for example Berg et al., 2005) of choosing as a loss function the (unweighted) average of incorrectly predicted busts as a percentage of the total number of out-of-sample busts and incorrectly predicted non-bust periods as a percentage of non-bust periods. This setting corresponds to setting  0 = 1 . In our case, we evaluate the usefulness of model averaging for predicting asset price bubbles based also on two other types of loss function:  0 =0.75 1 =0.25 and  0 =0.25 1 =0.75.
40.
In the framework of model uncertainty put forward above, a forecast of the probability of a reversal in asset prices is given by
where y h is the h-step ahead forecast of y. The predictive density of y h is thus given by the weighted average of predictive densities of the specifications in the model space.
9 In our setting, the benchmark for BMA predictions is given by the predictive ability of the single model with highest posterior probability for each one of the samples used in the forecasting exercise.
41.
The evaluation of predictive ability for binary variables requires the definition of a probability threshold which defines "alarms", such that predicted probabilities above the threshold imply that a price correction is actually predicted. Predictions in terms of probability are thus coded into alarm signals for a given probability threshold as follows,
where  should be chosen so as to minimize the corresponding loss function of the policymaker.
42.
The quality of model averaged forecasts is evaluated as follows. Using data ranging until 1999/4, a model-averaged prediction of the probability of a bust in asset prices is obtained (independently for house and stock prices) for the observation corresponding to 2000/1. The BMA method is applied to all potential models containing explanatory variables which are lagged 4 quarters, and can thus be interpreted as one-year-ahead predictions. The prediction corresponding to the single model with the highest posterior probability (the "best" model for the in-sample period) is also shown. A new observation (the one corresponding to 2000/1) is included in the in-sample period and predictions are obtained for 2000/2. This procedure is repeated until the end of the dataset is reached. In terms of implementation in the framework of MC 3 , the probability of a turn in house prices is thus predicted as the average of bust probabilities implied by the set of models chosen in the Markov Chain, which implies that the weights in (3) are approximated by the relative frequencies with which models are visited.
10.
The computational requirements of the prediction exercise are large, so we base BMA inference for each step of the forecasting exercise on 20 000 replications of the Markov chain, after a burn-in phase of 10 000 runs. For the whole sample, the results obtained with 20 000 replications are very similar to those with 2 million replications.
43.
Using all predictions, the threshold value, , is calculated, which minimizes the loss function chosen and in Table 5 statistics corresponding to the predictive performance of BMA and "best" models are reported. Although the posterior model probabilities tend to be concentrated on few specifications and there are only small qualitative differences in the predictions obtained from the best models and the model averaged forecasts, BMA forecasts perform better on average independently of the loss function used to evaluate the predictive ability of the models. For both asset prices, BMA forecasts beat those of the best model for all loss functions. For house prices, model averaged forecasts tend to be less conservative than those of the single best model, thus delivering a relatively high number of false alarms, although they achieve better overall predictive power as measured by the different loss functions.
44.
The results of the prediction exercise give a clear result concerning the benefits of exploiting multiple specifications to improve the predictive ability for turning points in asset prices. To the extent that monetary policy activism in the framework of asset price bubbles depends on the ability of the policymaker to anticipate the development of asset prices, inference based on model selection may be counterproductive. On the other hand, acknowledging the uncertainty attached to model specification and dealing with it within the BMA framework leads to improvements in the predictive information available to the policymaker at a given period in time.
Anticipating asset price busts during the recent crisis: the role of model uncertainty
45.
The recent global financial crisis has increased the interest of economists in the role that monitoring asset prices should play in setting monetary policy. In this section some evidence on the predictive gains are reported, which would have been obtained from the use of model averaging techniques to forecast corrective behavior in asset prices in recent years.
46.
A question that needs to be addressed before drawing conclusions concerns the relevance of our results for the last wave of asset price busts. We thus analyse whether the determinants of the latest crisis have been systematically different from those of previous busts in house prices. For that purpose, the BMA estimation presented above is repeated using data exclusively up to 2005 and thus not including the latest bust episodes captured by the turning-point identification procedure. The results were not qualitatively different from those reported for the full sample, and only deviated from those in that population growth and current account balance differences appeared relatively less important as determinants of price reversals in house prices. In this sense, demographic differences across countries appear to have played a particularly important role in the latest episodes of house price busts by determining the sustainability of house price misalignments in terms of housing demand pressures. On the other hand, to the extent that they are captured by the current account balance, external imbalances have been a particularly relevant factor explaining house price busts since 2005. 
47.
As a representative example of the predictive ability of BMA forecasts, Figure 1 shows the outof-sample one-year ahead predicted probabilities of a house/stock price corrections for the United Kingdom for the period 2007-08, which was not included in the estimation sample or in the forecast exercise presented above. We present the model averaged predicted probabilities together with those implied by the best model based on in-sample information. The figure for house prices exemplifies the source of the gains of using model-averaged predictions: while both start the period assigning similar bust probabilities of around 0.05, the BMA predictions reach higher probabilities than those forecast by the best model prior to the recent bust in house prices, and the probabilities decrease at a speedier pace than those of the best model once the bust occurs. Model-averaged forecasts would thus have sent a stronger (correct) alarm signal before the best model would, and would have also signaled the end of the turning point earlier. The possibilities of policy reacting to the anticipation of corrective dynamics in house prices would have thus been better based on predictions emanating from the model-averaging technique. For the case of stock prices, the predicted probabilities are significantly lower and there are smaller differences between best model and BMA forecasts, with BMA predictions indicating slightly higher probabilities of corrective dynamics. Both predictions indicate an increase of reversal probability for the first quarter of 2008, which is the period which marks the beginning of a steep fall in UK stock prices. 
48.
While Figure 1 gives evidence of good predictive capabilities for Bayesian model averaging methods in the time dimension for a given country, the results are not that favorable when comparisons across countries are carried out. In Figure 2 we present the average out-of-sample correction probabilities for house and stock prices predicted by the BMA procedure and those implied by the model with the highest posterior probability for the countries in the sample in the period ranging from 2005 to 2009. The
11.
A first feature of the results in Figure 1 that deserves comment is the fact that the difference between bestmodel and BMA results is relatively modest in terms of predicted probabilities. This implies that, at least when considering differences across countries, the posterior model probability tends to be very concentrated in single specifications. This feature has been dubbed the supermodel effect by Feldkircher and Zeugner (2009) and calls for the use of different prior structures if mixing over larger subsets of the model space is desired.
figure reveals different patterns across countries for the two asset prices. For the case of house prices, the probabilities do not tend to differ strongly across countries although interesting differences across methods can be observed for some countries: the probabilities predicted by BMA for Ireland and New Zealand, for instance, appear significantly higher than those from the best model. Stock price reversal probabilities, on the other hand, show more cross-country variation, with New Zealand and especially Korea being assigned sizable probabilities of a stock price reversal. A further check of the quality of prediction can be obtained by evaluating whether the correlation in predicted probabilities across asset prices conforms to the stylized facts supported by the data. The data used in our study present no significant correlation between busts in house and stocks prices (the correlation is positive but below 0.1). Forecasts based on best models, however, are negatively correlated between house and stock prices, with a correlation of around -0.4, while BMA predictions are practically uncorrelated (the correlation equals -0.02). 
49.
Combining the results presented in Table 3 for the one-quarter-lag and one-year-lag time horizons, one can gain a clearer picture about the association between the monetary policy stance and busts in house prices which is, furthermore, consistent with the links put forward in the empirical literature (see Ahearne et al., 2005 , and references therein). The estimation results, for instance, indicate that house price busts tend to be preceded by periods of monetary loosening and credit growth coupled with house price misalignments. Furthermore, increases in long-term interest rates tend to happen prior to the house price correction. All these features have been documented in the empirical literature, but their robustness to model uncertainty had not been analyzed hitherto.
50.
In Figure 3 the quantitative importance of monetary policy as a potential catalyst of house price corrections is illustrated. Using data for the period 2000-07, the implied bust probabilities for four hypothetical scenarios are presented, which highlight the possible interaction between price misalignments and the monetary policy stance. The four hypothetical scenarios present the combinations of two misalignment scenarios (mean value of the misalignment variable for the subsample -mean misalignment -and a scenario corresponding to a misalignment equal to the subsample mean plus one standard deviation -high misalignment) and two monetary policy stance scenarios based on short-term real interest rates (mean monetary policy stance versus tight monetary policy stance, where the latter corresponds to the mean value plus one standard deviation based on the 2000-05 subsample). 
51.
The results in Figure 3 give an indication of the sensitivity of bust probabilities to the monetary policy stance at different levels of misalignment, holding other things equal. All probabilities correspond to the specification with a lag of one year. The reduction in bust probability implied by a tighter monetary policy is much more sizable when misalignments are relatively large, and further measures of monetary policy tightening related to credit growth would widen the effect further at shorter horizons (Table 3) . These results support the view that monetary policy factors may have played a role in the formation and bust of the recent house price bubble.
52.
The results shed new light on two different issues related to asset prices and economic policy. On the one hand, a practical conclusion that can be drawn from the results implies that the detailed treatment of model uncertainty on the determinants of asset price reversals leads to improvements in the quality of predictions of asset price busts. This in turn implies that policy measures related to asset price bubbles can be taken more efficiently if model uncertainty in asset price determinants is assessed by the policymaker.
On the other hand, the results emphasise the role played by monetary policy in the process of birth and burst of asset price bubbles highlighting the interaction of misalignments and the monetary stance. A broader discussion on whether the monetary authorities should consider asset price dynamics when conducting monetary policy falls outside the scope of this paper.
Conclusions
53.
This contribution presents the first empirical assessment of the robust determinants of asset price reversals in the presence of model uncertainty. BMA methods are used to study the relative importance of different factors which have been put forward in the literature to explain asset price busts and the role of model uncertainty for out-of-sample predictive performance is evaluated.
54.
The results indicate that the mechanisms underlying the bursting of asset prices are complex and require the evaluation of potentially many models emphasizing different channels. In spite of the difficulties underlying the interpretation of many of the empirical results linking macroeconomic variables and asset price dynamics, several conclusions can be drawn.
55.
For the case of house prices, the analysis indicates that misalignment variables built from longrun relationships between house prices and fundamental macroeconomic variables are not by themselves good predictors of the probability of price reversals. Misaligned house prices can be very persistent and only tend to lead to price corrections in environments of loose monetary policy and high credit growth. Our results for house prices also emphasize the importance of external imbalances as catalysts of house price reversals.
56.
In the case of stock prices, on the other hand, simple measures of misalignments do serve as good predictors of price reversals, although the interaction between monetary variables, stock returns and corrective price dynamics appears more intriguing than for house price busts. Measures of the monetary policy stance also appear as good predictors of stock price reversals, and in particular countries with a loose interest rate policy and high credit growth also tend to be more at risk of stock price corrections.
57.
The results of the paper support the importance of considering model uncertainty when obtaining out-of-sample predictions of asset price busts. Averaged forecasts of turning point probabilities based on weights obtained using BMA appear superior to those based on single specifications chosen using model selection criteria and thus should be preferred when exploiting information for policymaking.
58.
Several paths of further research appear natural. The importance of non-linearities in the form of interaction terms in models of asset price reversals calls for improvements of the technique when averaging over model spaces formed by specifications with interactive terms (see Chipman, 1996, and Crespo Cuaresma, 2010 , for developments in this direction). The explicit comparison (and mixing) of structural models which highlight specific transmission channels to asset prices may also give valuable insights and open new avenues of both theoretical and empirical research. Models including contagion and correlation across price dynamics in different countries can also be modeled in the framework proposed here, albeit with increased complexity if uncertainty about contagion links is assumed (see Crespo Cuaresma and Feldkircher, 2010 , for such methods applied to spatially auto-correlated data). 
APPENDIX
